Objective To determine whether routine surveys, such as the Demographic and Health Surveys (DHS), have underestimated child mortality in Malawi.
Global child mortality rates declined by 2.5% annually between 1960 and 1990, but the decline was slowest in sub-Saharan Africa. 1 The fourth United Nations Millennium Development Goal (MDG4) is to reduce child mortality by two-thirds by registration systems in most developing countries, mortality is estimated indirectly, from censuses and surveys, 6, 9 particularly Demographic and Health Surveys (DHS) and World Fertility Surveys. These estimates are subject to several errors, including omission of births and deaths, misreporting of age and omission of maternal orphans (since mothers are the source of information). 1 In Malawi under-5 mortality has decreased, but estimates have shown considerable variation, [4] [5] [6] so the actual rate, and therefore the likely future trajectory, are not clear. 10 Many of the problems in estimation occur because data are collected retrospectively. These problems can be overcome by using demographic surveillance data.
In generalized epidemics of human immunodeficiency virus (HIV) infection, paediatric acquired immunodeficiency syndrome (AIDS) and orphanhood have started to erode recent gains in child survival. 1, 11, 12 The relative impact of HIV infection on child mortality depends on the background level of mortality from other causes. 13 A model based on national HIV infection prevalence in pregnant women, average risk of mother-to-child transmission and survival probabilities in infected children, with adjustment for competing causes of death, predicted a mean rate of under-5 mortality 
HIV exposure
HIV status was not routinely determined during the study. We estimated the number of children born to HIV-infected mothers in the study population and applied the probabilities of death in this group found in other studies without antiretroviral therapy (ART) or cotrimoxazole.
19-22
Unlinked anonymous HIV serosurveillance was done at two antenatal care clinics within the DSS area. [23] [24] [25] Birth registration in the DSS included information on antenatal clinic attendance; this information allowed us to estimate the proportion of mothers who attended these two clinics. Antenatal clinic registers showed that the rates of attendance varied little with time, so we assumed the pattern of antenatal clinic access was the same before the start of demographic surveillance. Maternal HIV infection rates were estimated from the age-specific HIV infection prevalence at the two antenatal clinics, applied to the mother's age group at the time of giving birth.
Maternal HIV prevalence was approximately 11% at the larger clinic and approximately 7% at the smaller, more rural clinic.
Prophylaxis to prevent mother-to-child transmission was not generally 
Statistical analysis
Overall and cause-specific mortality rates were calculated. Observation time for each child began when the child was first seen in the baseline census, at birth or at the time of migration into the area after the baseline census. This yielded the risk of death before the age of [x + n], conditional on having survived to age x.
The completeness of ascertainment of deaths was assessed from the distribution of age at death. Stillbirths were included, since stillbirths and early infant deaths were more likely to be missed than deaths of older children [26] [27] [28] [29] and the number of stillbirths was expected to exceed the number of neonatal deaths in the population. 29 Overall and age-specific mortality rates were compared with those estimated by the 2004 Malawi DHS. Malawi DHS 30 . of 38 deaths (31.6%) were attributed to AIDS. Table 1 survey data from the 1980s, the mortality rates in the southern part of Karonga district, where the DSS area was located, were 23% lower than in the northern part of the district. 32 In the 1980s the district-wide estimate of infant mortality was 120 per 1000, and under-5 mortality was 190 per 1000, 32 which were also lower than contemporary national estimates.
Causes of death
The 2004 DHS estimates were probably influenced by misclassification. Some stillbirths were probably reported as neonatal deaths, since the ratio of stillbirths to neonatal deaths was 37% and there was evidence of inaccurate age reporting, with
"heaping" at 12 months (Fig. 2) . 30 When child mortality rates decline, period averages derived from birth histories are known to conceal the pattern and degree of change, In eight other African countries, HIV infection was estimated to have caused a recent net increase in all-cause child mortality. 37 Given the high stable prevalence of HIV infection since the late 1990s in Malawi, the sustained decrease in mortality can In the study population almost 80% of children had access to safe water sources (bore holes or piped water). Between the early 1980s and the time of the DSS in 2002, the proportion of the population in the area who lived in burnt brick houses had increased from 25% to 64%, and the proportion of adults with some secondary education had increased from 6% to 24% (Karonga Prevention Study, unpublished data, 2009).
Malawi has implemented an integrated management of childhood illness programme, and in the study area we have run a small paediatric clinic at the rural hospital since
2002.
The relatively low mortality rates measured in the DSS are likely to be accurate: re-census and follow-up checks at 12 months revealed very few missed deaths (and these were included), and the ratio of stillbirths to neonatal deaths was greater than 1. Dates were known with reasonable accuracy, and most verbal autopsies were conducted soon after death, with close relatives and often with documented information. The finding that the mortality rates based on the DSS were lower than the national estimates may be largely explained by regional differences.
The decreases are encouraging and support a real, dramatic improvement in child mortality rates despite the epidemic of HIV infection. However, when 1980s data are used as the baseline, it becomes clear that this area of Malawi still needs to achieve further reductions in child mortality to meet its MDG4 target. a Proportions are shown using all stillbirths and deaths in children under 2 years of age as the denominator.
b For the period 0-4 years before the demographic surveillance survey.
